The concept of sustainability has become a new paradigm in worldwide urban planning and development. The compact city concept has recently been the most popular alternative among sustainable urban development strategies. Although it has become a global strategy, it should also consider the local characteristics of cities. This study, using attributes developed from the main aspects of sustainability, fi rst of all aims at measuring city compactness and some of its tendencies in two different regions within Japan. These are the Greater Tokyo Area, comprised of 110 cities within 4 prefectures, and the Tohoku Region, with 63 cities in 6 prefectures. Secondly, the results of the measurements and appearance of the tendencies will be appropriately discussed to implement future compactness strategy. Of course, clear differences between both regions would carry different policy measures for compactness development in their respective regions. With the cities' data, which provide appropriate indicators, this study is able to present the conditions of cities based on attributes of city compactness and their tendencies in various types of cities within the two different regions. The results will be useful in preparing an appropriate strategy to deliver more compactness in these cities.
Introduction
The need to develop sustainable communities in urban areas has brought about greater efforts in fi nding new approaches and new philosophies to attain the objective of sustainability. One popular strategy is the compact city concept. This concept has emerged primarily in response to the widely acknowledged need to fi nd more sustainable models for the towns and cities in the world (see Jenks, et al., 1996) . Originating from a global discussion level, mainly in Europe, the US, and Australia, this strategy has inevitably begun to be adopted and implemented as a local strategy worldwide, including some cities in Japan (Koide, 2001) . As a representation of the sustainable development concept, the compact city proposal must consider space, time, and the objectives of sustainable urban development itself. It encompasses all sustainability factors in urban living: environmental, social, and economic sustainability are based on the character as well as the context of the city.
Furthermore, for an appropriate and stronger implementation of the compact city concept, it needs *Contact Author: Muhammad Sani Roychansyah, Graduate Student, Department of Architecture and Urban Planning, Tohoku University, Aoba 6-6-06, Aramakiaza, Aoba-ku, Sendai 980-8579 Japan Tel: +81-795-7879 Fax: +81-795-7879 e-mail:sani@hjogi.pln.archi.tohoku.ac.jp (Received November 8, 2004 ; accepted July 11, 2005) some type of policy measures. This set of policy measures plan, assemble, monitor, and analyze how many and which policies to use, and how extensively to apply them. The type, location, population, and rate of city compactness can be adjusted in a set of policy measures to reach the objectives and goals of the compact city concept. From this point of view, characteristics, including the type and condition of a city, must be the main considerations.
Having addressed the importance of examining city characteristics, this study focuses on some roles of regional characteristics in relation to the region's compactness. Drawing on case studies of cities in the Greater Tokyo Area (110 cities) and cities in the Tohoku Region (63 cities), with related data from 1980 to 2000, this study questions whether the current conditions would be affected differently in their respective regions, if both implemented the compact city strategy. The study highlights in detail the characteristics and tendencies of each region. By showing clear differences between the two case study regions, the study analyzes particular aspects of the nature of cities for compactness through a proposed set of compactness attributes. Moreover, the analysis offers appropriate information to provide sufficient means to face the issues and implementation of compact city issues in the future. These results will be meaningful in preparing appropriate strategies and policies to develop more compactness in cities.
Framework and Method 2.1 Compactness Attribute and City Characteristics
Preceding studies (Roychansyah, et al., 2003 (Roychansyah, et al., , 2004 ) have already analyzed many fundamental studies related to compactness, and which are comprised of some major focuses of many issues through several systematic literature reviews. These studies propose a categorization of several attributes of compactness as shown in Table 1 . Each attribute has similar roles to and interdependencies among the others in producing a degree of compactness. They are, respectively: population densifi cation, activity concentration, public transport intensification, city size and accessibility, the social-economic welfare target, and a process to realize compactness as described through a diagram in Fig. 1 . Since compactness needs time, space, and characteristics in its process, this study has indeed acknowledged the dynamic aspect of compactness in the wide range of characteristics of the cities, encompassing each aspect of sustainability. Understanding city characteristics by knowing the regional characteristics is one motivation behind this research.
Method
To achieve the research objectives, first, we present attributes of compactness from the previous studies, which strongly establish a certain level of city compactness and drive many related indicators towards implementing compact city development. This means that these attributes will be more effective for measuring the degree of compactness in the city.
Furthermore, it assumes that all indicators are of equal importance. Thus, Table 2 represents the simplifi ed version of the measurement, presenting the infl uential indicators (20 indicators) which can refl ect any aspect of compactness of the city for study.
The analysis was carried out using data from the case studies, in which the research focuses on 110 cities in the Greater Tokyo Area and 63 cities in the Tohoku Region. The analysis uses the PCA (Principal Component Analysis) as a principle tool. To ease comparison analysis of the results, calculations of each region are separated, but carried out in the same manner. At the end of the study we discuss the results intensively and offer some concluding remarks. 
Case Study and Data 3.1 Japanese Urban Development
Since the end of World War II, Japan has become one of the most highly developed countries. At that time, a number of big cities began to emerge very quickly. Compared with other large cities in the developed world, Japan is leading in the total population, mainly through high level of density (Pacione, 2001 ).
There are both advantages and disadvantages which follow from Japan's rapid urban development (Alden, et al., 1994 , Murayama, et al., 2000 , and Sorensen, 1999 . Disadvantages such as dispersion of regional structure and development of urban sprawl have grown due to the expansion of large cities into surrounding areas. Another recent problem is that most regions in Japan are facing a serious problem in decreasing population. But at the same time, the positive effects of "back to the center development" are becoming apparent recently. In the future, it will be increasingly important to direct development in the cities toward signifi cantly more sustainable communities.
Case Study
The study focuses on the Greater Tokyo Area and Tohoku Region to examine the differences between these two types of region (see the map in Fig. 2 ). Although both are located on Honshu Island and connected by a good network between regions, the characteristics of the cities in each region have signifi cant differences.
The Greater Tokyo Area consists of Tokyo, the capital of Japan, and the three neighboring prefectures of Saitama, Kanagawa and Chiba, and is located in the center of Honshu Island. This megapolitan area, home of about 30% of Japan's total population, is located in a basin with Tokyo bay at its center. This area, with the remaining parts of the Kanto Region (Gunma, Tochigi, Ibaraki and Yamanashi prefectures) is the economic heart of Japan, with many industries and services, and much commerce. In this study, 110 cities of this region are studied as a representation of the cities in this area. The Tohoku Region, comprised of 6 prefectures ( A o m o r i , A k i t a , I w a t e , F u k u s h i m a , M i y a g i , and Yamagata), consists of 63 cities and all are considered in this case study. This region is located in the northeast part of Honshu Island, Japan. Its development is dominated by agricultural works, where the differences among cities in this area are smooth. A largely mountainous region encompasses all of northeastern Japan. Centers of population are found along the coastlines of the Pacifi c Ocean and the Sea of Japan, and in several basins. The Tohoku Region takes up about 10% of the land mass of Japan, and about 18% of Japan's total population. The economic activity is primarily agriculture and agriculturallybased industries. Table 3 . shows the main differences between the Greater Tokyo Area and Tohoku Region. The different characteristics of each region may have a great infl uence on the development of compact cities in their respective regions.
Works, Results, and Analysis 4.1 The Data
Regarding the collection of data, the data used here has been collected from a variety of sources, including Population Censuses, Japanese City Data Yearbooks, Housing and Land Surveys, Regional Capacity Indexes, Establishment Censuses, and other related sources from the cities. According to the data collection results, as indicated Tables 4 and 5 , we can compare the data of both regions. Indicators with a shaded background indicate that their score's average is higher than the other region. From the average of 20 selected indicators, both regions perform the dominant results in balance. Almost all the higher indicators in the Tohoku Region (in 1990 and 2000) actually belong to workplace concentration, non-motorized trips, DID size, and daily activity performance related indicators. On the other hand, in population density, public transport performance, and welfare related indicators, the Tohoku Region has a lower score than the Greater Tokyo Area.
All of these indicators observed during a period of 20 years tend to be higher in the earlier times and lower in more recent times (scores in 2000 are lower than scores in 1980). Indeed, the limited nature of the indicators cause some general problems in attempting to develop strategies related to the compact city. For example, decreasing density in DID areas may be a result of development spreading into suburban or new areas. Meanwhile, either a decrease of all scores in public transport use related indicators, or an increasing rate of persons per private car indicate greater car dependency in the study area. The PCA, or principal component analysis, is then used to analyze these data separately.
Results and Analysis
By using the PCA, the results as shown in Table 5 . and Figs. 3 and 4, place each data-set of each region into three different groups of compactness factors. In both regions, the first component is similar, named "transport effi ciency" or TE. It is dominated by a higher eigen vector result of indicators related to the use of public transport. In the Greater Tokyo Area, the second factor is called "city densifi cation" or CD, which covers some indicators related to densifi cation, ratio or person per car, and the number of elderly people. In the Tohoku Region, the second factor is named "city concentration" or CC, and combines indicators related to activity concentration and better accessibility. This second factor of the Tohoku Region is the same as the third factor for the Greater Tokyo Area. The third factor in the Tohoku Region is "city independence", or CI. It combines indicators that suggest a self-reliant city, like working and living in the same city, and the ability to reach destinations in less than 30 minutes.
The compositions of each factor are obtained from the contribution ratio shown in Table 6 . The Greater Tokyo Area has an eigen value combination 37% of TE, while CD and CC have 16% and 12% respectively. Cities in the Tohoku Region have composition in eigen value as 28% of TE, 26% of CC, and 15% for CI. This composition of eigen value is an important factor in calculating the degree of compactness. To be more understandable, the fi nal fi gure of each factor is represented by 4 cities to depict each city rank condition (metropolitan, big, medium, and small).
The result reached by each city should be interpreted by its data position due to their principal factors, viewed from three different axes x, y, and z (3 dimensions). The compactness of a city would be principally higher if each axis yields the maximum score to simultaneously reach the highest total value (shown by the direction of the arrow in the fi gures). In the cities of the Greater Tokyo Area, the transport efficiency factor shows a stable condition for nearly all 20 years of observation. This is in contrast with the condition of city densifi cation, which shows a dramatic decrease. It may indicate that the sprawl development in the region has had a bad effect. Another fact that supports this negative conclusion is that the city concentration is less than before. The results of the factors in the cities of the Tohoku Region are rather different. Here, transport effi ciency shows bad performance throughout years of observation. With regard to the other factors, city concentration performs a little better in recent years, while city independence has a stable condition.
Moreover, based on the analysis results, it is clear that the compactness condition would really worsen in the future, although there has only been a visible movement in an unbeneficial direction during the time the compactness condition was measured (in this case, from 1980 to 2000). During this time, the movement of the cities in the Greater Tokyo Area to reach a compactness condition is different compared to the cities in the Tohoku Region. In recent times, both regions have decreased in the development of city compactness compared to previous times, because the movement of all cities in both regions stays away from a high compactness pole. If the analysis turns to the city size classification, as shown in Figs. 3 and 4 , bigger cities in both regions also show higher results in considering the influential factors. It can comprehensively be understood that the compactness tendencies in the study area provide unsatisfactory results. Nevertheless, as stated by Koide (2001) , in Japan, compact development strategy transformed into policy has only just begun, and it is still too early to reach an ideal one. However, the results may provoke a positive analysis to fi nd the causes and guide future development.
Furthermore, the degree of compactness (DC) is reached by a balanced score condition from related influential factors. As described before, these factors are provided by an accumulation ratio as shown in Table 6 . and can be taken into account to produce a degree of compactness. The total degree of compactness can be reached by the total of multiple numbers between the score index of each factor and its eigen value index. In both cases, DC = 0.37 TE + 0.16 CD + 0.12 CC is the degree of compactness in the cities of the Greater Tokyo Area, while DC = 0.28 TE + 0.26 CC +0.15 CI is the degree of compactness in the cities of the Tohoku Region, as completely represented in Figs 5 and 6, ordered by city rank. Using these fi gures, the different results of each city in both regions can be fully understood.
Discussion
According to the results based on city rank, as shown in Tables 7 and 8 , the tendencies of compactness degree in both regions are confirmed once again to have decreased signifi cantly. For detailed observation of each region as illustrated in Table 7 ., in the cities within the Greater Tokyo Area, the highest degree of compactness (DC) during 20 years of observation is reached first by metropolitan cities (6), followed by big cities (60), medium cities (36), and fi nally, small cities (8) . These conditions are supported by high score results from city Cities from the Tohoku Region, as shown in Table  8 , metropolitan cities (1) and big cities (13) between 1980-2000 still have a higher degree of compactness (DC), which results from the domination of TE, CC, and CI, compared with medium size cities (20) and small size cities (29) classification. The background of the tendencies might be the same as cities in the Greater Tokyo Area, in which bigger cities may have enough economic potential to reach a better condition. In the case of city concentration (CC) and city independence (CI) of cities in the Tohoku Region, in recent years both factors show better performance than previously. The big cities especially perform better in terms of city independence than the other ranks of city. Self-reliance is related to the capacity and size of a city, by reducing their interdependence factors from other cities. To show the proportion and development of each factor in each time observation,
Figs. 7 and 8 are depicted based on the classifi cation of prefecture condition. For example, better performance of transport effi ciency may be reached more easily by cities closer to the center of the region (Tokyo area cities) than cities which are farther away from the center (Chiba Prefecture).
In addition, to give a description of the comprehensive condition in Japanese cities, using the cities of the Greater Tokyo Area and Tohoku Region, the study fi nally produced tendencies of these 173 cities in the same city rank categorization, as represented in Table 9 . The most infl uential factors for a degree of compactness in Japanese cities are represented by factors named "containment densification" (CD), "public transport intensification" (PTI), and "optimal city size" (OCS). The total degree of compactness (DC), CD, and PTI are reached better by bigger cities, while OCS is performed better by smaller cities. In this case, despite the fact that better compactness is usually reached by bigger cities, the limitation is that optimal size capability in the city should be importantly considered. Besides this, from the viewpoint of time change, there is a consideration of time in the compactness process, and this should be considered as an integral part of the analysis. 
Concluding Remarks
This study has worked to measure city compactness based on a set of compactness attributes. These are population densification, activity concentration, urban transport intensification, certain city size consideration, social economic welfare target in the city areas, and fi nally, a development process to deliver compactness condition. All of these attributes comprehensively represent the sustainability objective for the compact city strategy.
By the infl uential indicators, the study has verifi ed the existence of compactness attributes and its tendencies in a Japanese city context by a case study of 110 cities in the Greater Tokyo Area and 6 cities in the Tohoku Region. With the same work, these two regions with different characteristics resulted in two different tendencies of compactness. Each region has also presented a different composition of influential factors. In the Greater Tokyo Area, transport efficiency (TE) performance dominates the composition, more than the other two factors, city densification (CD) and city concentration (CC). Meanwhile, the degree of compactness in the Tohoku Region is also dominated by the factor of transport effi ciency (TE), though the other factors (city concentration (CC) and city independence (CI) also play a signifi cant role. In addition, the general fi ndings showed a signifi cant decrease in almost all factors, but there are tendencies to be higher in more recent years (2000), especially in the cities of the Greater Tokyo Area, for transport effi ciency, and in cities in the Tohoku Region for city concentration and city independence.
Finally, all of these findings rely very much o n i n f o r m a t i o n c o n c e r n i n g t h e e x i s t e n c e o f compactness attributes and their relationship with city characteristics. A careful consideration, or anticipation, of future conditions and characteristics will enhance the development of appropriate policies, and understanding the importance of attributes will generate more meaningful attempts toward a compactness condition in urban developments.
